Summary : The purpose of this study was to determine the effects of oral intake of linoleic acid (LA) with eicosapentaenoic acid (EPA) , and/or lecithin (LC) on the plasma concentraions of ketone bodies and very low density lipoprotein-tryglyceride (VLDL-TG) in 9 healthy males. Four test lipids containing LA as a basic material were ingested in this study; in test-A, only LA was given; in test-B, LA and LC were given ; in test-C, LA and EPA were given ; and in test-D, LA, EPA and LC were given. All subjects received the 4 tests at 5 day intervals.
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Plasma levels of ketone bodies and VLDL-TG were elevated during test A. Plasma concentrations of acetoacetic acid (ACAC) and beta hydroxybutyrate (3HOB) were significantly elevated during test C , whereas those in test B were not elevated. Plasma VLDL-TG levels in test B and C changed in the opposite manner to the ketone body levels. However , both plasma ketone bodies and VLDL-TG levels were not significantly elevated in test-D, which contained LC and EPA in addition to LA. These results suggest that human ketogenesis and lipogenesis may be accelerated by polyunsaturated fatty acids , or LA with LC, respectively.
The study demonstrates that the acceleration of ketogenesis and lipogenesis can be reduced by the combination of LA, EPA and LC, suggesting a potentially recommendable diet for diabetics who are prone to atherosclerosis.
Introduction
Dietary modification aimed at the prevention of atherosclerotic diseases usually involves a reduction in the total consumption of fat and cholesterol and the substitution of polyunsaturated fat for saturated fat. Since dietary polyunsaturated fat has a plasma lipid lowering effect, it has been used for the prevention of atherosclerosis. On the other hand, lipid peroxide (LPO), one of the products from polyunsaturated fatty acids, is regarded as a risk factor for the development of atherosclerotic disease. Therefore, polyunsaturated fatty acids appear to have dual effects on atherosclerosis.
It has been recognized that most patients with diabetes mellitus are prone to have atherosclerotic disease. In the diabetics with a high ratio of glucagon over insulin, a high concentration of plasma ketone bodies is sometimes observed Geele et al. (1980) . Plasma ketone bodies are produced from free fatty acids 71 in the liver (Geelen et al. 1980; McGarry, 1978 never significantly changed by any of the tests (Fig. 1) . Plasma FFA levels at 90 minutes in test B were significantly decreased (Fig. 2) . Plasma FFA levels were increased in test C at 180 min., but there were no changes in tests A and D. Plasma TKB levels were markedly elevated by the intake of LA, alone or with EPA, but the levels in the tests B and D were not significantly changed (Table II in plasma ACAC and 3HOB levels had the same relationships as the plasma TKB levels, i. e., the levels in tests A and C were significantly elevated, while those in tests B and D were not significantly changed (Fig. 3, 4) . The concentrations of the On the other hand, plasma LPO levels in patients with diabetes mellitus were reported to be higher than those in healthy subjects, especially in patients with angiopathy Yagi (1982) . LPO is one of the products of polyunsaturated fatty acids, that is supposed to be a risk factor for the development of atherosclerosis. Accordingly, the effects of polyunsaturated fatty acids need further analysis. The present study was carried out to determine the effects of polyunsaturated fatty acids and /or LC on plasma ketone bodies and VLDL-TG in 9 healthy males.
Housmuller (1982) concluded that the consumption of LA in accordance with dietary recommendations to prevent atherosclerotic vascular complications has a beneficial effect on the vascular complications in diabetes mellitus. Velek et al. (1985) reported that serum LA concentraions of patients who died of myocardial infarction were lower than those of survivors. In the present study, LA was used as a basic material in all tests. The plasma concentrations of FFA, VLDL-TG and ketone bodies after the ingestion of LA tended to be elevated. More than 50% of the intestinal LA is incorporated into plasma lipoprotein particles with a large amount of LA being incorporated into low density lipoproteins (LDL). LDL is a carrier of plasma cholesterol and LPO. Therefore, plasma levels of cholesterol and LPO are dependent on the concentraions of cholesterol and LPO in LDL. Plasma LPO levels after the ingestion of polyunsaturated fatty acids and/or LC are shown in Table III .
No significant changes of plasma LPO levels were observed in this study. It appears that a small amount of polyunsaturated fat does not cause any change in the composition of plasma lipoprotein particles; however, it cannot be denied that the LDL after a meal contains a large amount of substrates for LPO. (Dyerberg et al. 1975; Dyerberg and Band, 1979) , have hypothesized that omega-3 fatty acids which are present in high concentrations in seal, whale and fish oil are responsible for the lowering of plasma lipid levels. Illingworth et al. (1984) reported that the lipid lowering effect of dietary omega-3 fatty acids is due to a reduction in the rate of apoprotein-B synthesis, which is a structural protein of VLDL and LDL. Plasma VLDL -TG levels in tests C and D containing EPA were not elevated, whereas those in tests A and B were significantly elevated (Fig. 5) . The results suggest that the addition of EPA may inhibit the synthesis of VLDL-TG, which is accelerated by LA. These results are in agreement with the findings of Illingworth et al. (1984) .
Plasma concentraitons of ketone bodies were markedly elevated by the ingestion of LA, alone or in combination with EPA (Fig. 3, 4 and Table II ). Since plasma 3HOB levels increase during fasting and diabetic conditions, plasma TKB levels are influenced primarily by the 3HOB levels, rather than the ACAC levels. In this study, the fasting levels of plasma 3HOB in each subject had a wide distribution as compared to the levels of ACAC. Considering the metabolic pathway of plasma ketone bodies, it is conceivable that plasma ketone body levels in test C were higher than those in test A. It appears that plasma ketone body concentrations are dependent on the amount of ingested polyunsaturated fatty acids.
Of special interest was the absence of significant changes of plasma ketone levels in tests B and D which contained LC. Beil and Grundy (1980) reported that the absorption of cholesterol in the upper part of the small intestine was markedly decreased by the infusion of LC. Koumans and Wildschut (1985) concluded that the daily diet should be supplemented with adequate doses of LC and vitamin C to reverse atherosclerosis. 
